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In recent years, studies in Caenorhabditis elegans nematodes have shown
that different stresses can generate multigenerational changes. Here, we
show that worms that grow in liquid media, and also their plate-grown
progeny, are different from worms whose ancestors were grown on plates.
It has been suggested that C. elegans might encounter liquid environments
in nature, although actual observations in the wild are few and far between.
By contrast, in the laboratory, growing worms in liquid is commonplace, and
often used as an alternative to growing worms on agar plates, to control the
composition of the worms’ diet, to starve (and synchronize) worms or to
grow large populations for biochemical assays. We found that plate-grown
descendants of M9 liquid medium-grown worms were longer than control
worms, and the heritable effects were already apparent very early in devel-
opment. We tested for the involvement of different known epigenetic
inheritance mechanisms, but could not find a single mutant in which
these inter-generational effects are cancelled. While we found that growing
in liquid always leads to inter-generational changes in the worms’ size,
trans-generational effects were found to be variable, and in some cases,
the effects were gone after one to two generations. These results demonstrate
that standard cultivation conditions in early life can dramatically change the
worms’ physiology in adulthood, and can also affect the next generations.
This article is part of the theme issue ‘Developing differences: early-life
effects and evolutionary medicine’.
1. Introduction
You could not step twice into the same river (Heraclitus)In comparison with Mendelian inheritance, which entails faithful transmission of
discrete packets of information which do not blend or dilute [1], heritable
epigenetic data are ‘soft’, or ‘fluid’, as they change as a function of time, and in
response to physiological processes [2].
Generally, mechanisms that allow trans-generational epigenetic effects, namely
transmission of information to progeny not exposed to the original trigger, are still
poorly understood [3]. However, in Caenorhabditis elegans, substantial understand-
ing has been gained regarding the molecular mechanisms that allow transmission
of responses via small RNAs across multiple generations (reviewed in [4]). Further,
many studies with C. elegans have demonstrated that different environmental
challenges leave a trace in the progeny, for example, viral infections [5–7], star-
vation [8–11], high temperatures [12–14], high osmolality [15,16] and exposure
to toxins [15]. Such stressors can lead to short- or long-term gene expression altera-
tions and physiological changes. The inheritance of some of these responses is
associated with changes in heritable small RNAs [8,13,14] and/or is correlated
with alteration in histone modifications (for example, of H3K4me [15,17]).
In the laboratory, C. elegans are commonly grown on agar plates, but when
large numbers of worms are needed, worms are often grown in liquid media
[18]. Caenorhabditis elegans are grown in liquid for other purposes as well, for
example, to synchronize the worms’ growth at the L1 stage [18], to control for the




2Liquid media were also used to study how swim exercise affects
the worm’s physiology [20]. In addition to C. elegans, other
nematodes, such as the entomopathogenic species Steinernema
[21,22] and Heterorhabditis [23,24], are routinely grown in
liquid culture, and recently, growth in liquid medium of differ-
ent Pristionchus species was shown to generate striking
phenotypic differences [25] (see also Discussion).
In nature, C. elegans worms are most often isolated from
solid decomposing plant material. However, there are rare
reports of isolation of C. elegans from freshwater as well [26].
In addition, it has been hypothesized, but not yet documented,
that C. elegans could encounter liquid environments in the wild,
in cases of excessive decomposition, especially of fruits [27].
Here, we report that growth of worms in liquid media
changes the morphology of the liquid-grown worms and also
the morphology of their plate-grown progeny. We found that
plate-grown descendants of liquid-grown worms are on aver-
age longer than control worms. This morphological change is
apparent early during the worms’ life, and persists even in
spite of experimental synchronization of the worms’ develop-
ment. In addition, the inheritance of this phenotype does not
appear to depend on pheromone production or any single
known epigenetic inheritance pathway, as we could not find
a single mutant in which these inter-generational effects
are cancelled. While the effect is robustly inherited to the
immediate F1 progeny, the inheritance to the F2 and the F3
generations exhibits variability. These results demonstrate
that commonplace cultivation conditions can dramatically
change the worms’ physiology in adulthood, and can also
affect the next generations. We suggest that the growth and
handling conditions of at least a few generations should be
monitored before experimentation begins.2. Results
Even in the laboratory, C. elegans often encounters different
environments, for example, worms are frequently starved or
grown at slightly stressful temperatures, either accidentally or
intentionally. It is very common to synchronize or control the
speed of the worms’ growth by starving them or by switching
the growth temperature. Similarly, in many cases, researchers
are forced to grow temperature-sensitive worms at low temp-
eratures, or to cultivate the worms at high temperatures to
avoid transgene silencing [28]. Contaminations with different
pathogens are very common in C. elegans cultures, and while
this has not been studied in detail, such infections could also
leave heritable imprints [29]. As described above, worms are
often grown in liquid in the laboratory (the standard liquid
used is M9 buffer [18]). In the course of conducting many
experiments with liquid-grown worms, we noticed that after
growth in liquid medium, the worms exhibit a different mor-
phology in comparison with plate-grown worms. We first set
out to characterize this phenomenon, and then to examine
whether the effects could be inherited (figure 1a).
(a) Progeny of liquid-grown worms are longer
We noticed that worms that grow in liquid become narrow,
and that their body length becomes more variable in com-
parison with plate-grown worms. These observations are in
accordance with a previous observation [18], and a recent
study showing that worms grown in axenic (chemically
defined and bacteria-free) liquid medium (specifically the‘Habitation and Reproduction’ medium used by NASA when
growing worms in space [19]) are also narrower and longer
than plate-grown worms [30].
We found that the worms’ concentration in liquid affects their
size ( p , 0.0001, one-way ANOVA), and that while in low con-
centrations, the liquid-grown worms are longer (figure 1b,c);
in very high concentrations, liquid-grown worms become
shorter (perhaps in this condition, not enough food is available).
As starvation is known to generate heritable effects in C. elegans
[8–11], in all the subsequent experiments, we grew worms
in liquid in low concentrations (maximum 0.05 worms per
microlitre, see Methods). In this concentration, liquid-grown
worms are approximately 22% longer than plate-grown worms
( p , 0.0001, Sidak’s multiple comparisons test, figure 1b,c).
Next, we tested whether plate-grown progeny of liquid-
grown worms differ in their body length (figure 1a,b).
Interestingly, we found that the F1 progeny of liquid-grown
worms were on average approximately 8% longer than
control worms ( p , 0.0001, two-way ANOVA, figure 1b,d ).
The heritable effect was very robust, repeated across many
biological repeats, and was independent of the concentration
of the parent worms in the liquid medium (electronic sup-
plementary material, figure S1; in addition, experiments
were replicated by multiple different experimenters).
When placed in liquid media, worms change their move-
ment, to a swim-like behaviour, which involves continuous
‘thrashing’. Previously, this swim-like behaviour was used to
study the effects of exercise on the worm’s physiology [20].
We wondered whether this energetically demanding behav-
iour could be involved in the morphological change found in
the liquid-grown worms and their plate-grown progeny. To
test this, we examined the morphology of liquid-grown
immobile unc-119 mutants across generations. We found that
liquid-grown unc-119 mutants do not become longer in
liquid ( p , 0.0001, two-way ANOVA, electronic supplemen-
tary material, figure S2A,B). While experimentation with
such Unc mutants is challenging (the mutants exhibit higher
length variability, and do not grow well in liquid), the plate-
grown progeny of liquid-grown mutants were nevertheless
longer than controls ( p , 0.0001, two-way ANOVA, electronic
supplementary material, figure S2C). These results suggest that
swimming in liquid is not required for the inter-generational
effect.
Recently, Çelen et al. analysed the transcriptome of
worms that grew in a special axenic liquid medium [31].
They found that the genes that were upregulated in axenic
medium were enriched with genes related to cuticle for-
mation and morphology. Further, some transcriptional
changes were also inherited by plate-grown F1 progeny.
The authors did not examine whether the morphology of
the progeny of the worms that grew in axenic medium chan-
ged; however, it is possible that these transcriptional changes
correspond to the inherited morphological changes that we
observe in the progeny of M9 liquid-grown worms.
(b) The change in the morphology of the progeny
of liquid-grown worms is apparent early during
development, and persists even when the
progeny’s development is synchronized
It is possible that the progeny of the liquid-grown worms is



























































































































































Figure 1. Progeny of liquid-grown worms have longer morphology. (a) Experimental scheme of inter-generational inheritance of growth in liquid medium. Eggs
were produced from isogenic worm lines and placed either on plates or in liquid medium. When the parental P0 worms reached adulthood, they were placed on
plates to lay their eggs. The body length of their resulting F1 adult progeny was measured. (b) Representative photographs of adult plate-grown (P0), liquid-grown
(P0) or plate-grown progeny (F1) of liquid-grown worms. The differences in length between the photographed worms match the average length differences found
between the examined populations. A scale bar that shows the total stretched length of the worm is presented. (c) Liquid-grown worms are longer when grown in
low concentration. The normalized lengths of the parental plate-grown, and liquid-grown worms are shown. Worms were grown in liquid in different concentrations
(x-axis). The measured length was normalized to that of the plate-grown worms. The p-value was determined using one-way ANOVA. n.s., not significant. (d ) Plate-
grown progeny of worms grown in liquid medium are longer. The length of F1 plate-grown progeny of liquid-grown worms and progeny of plate-grown controls are
shown. The measured length was normalized to that of the corresponding control worms. Data from three independent biological repeats are presented (N . 150
worms per group). The p-value was determined using two-way ANOVA with the two categorical variables: (i) biological condition (growth in liquid or on plates) and
(ii) biological repeat (independent experiments conducted on separate groups of animals, on different days). Both factors have a significant effect on the measured
worm length ( p , 0.0001). In addition, an interaction effect was found ( p , 0.0001). The biological condition explained far more variance than the biological





possibility, we monitored the worms’ length throughout
development. To our surprise, we found that the progeny of
liquid-grown worms were already longer as eggs ( p , 0.0001,
two-way ANOVA, figure 2a). The progeny of the liquid-
grown worms were also longer immediately after hatching, at
the L1 stage (figure 2b; electronic supplementary material,
figure S3; p ¼ 0.022, see Statistical analysis (§4g)), they main-
tained the elongated morphology throughout development,
and their rate of development was identical to the control
group (figure 2b; electronic supplementary material, figure S3;
p ¼ 0.7806, see Statistical analysis (§4g)). Moreover, the effect
persisted in adults, even when we synchronized the worms’
development at the L1 stage by starvation (for 12 h, see
Methods; p , 0.0001, two-way ANOVA, figure 2c). In sum-
mary, the elongated morphology of the F1 progeny of liquid-
grown worms does not stem from differences in the rate
of development.
(c) Progeny of liquid-grown worms are longer even
in mutants defective in chemosensation
and pheromone biosynthesis
In response to various environmental changes, C. elegans alter
the composition of the molecular social cues (or pheromones)that they secrete [32,33]. In turn, the secreted pheromones
greatly affect the worms’ physiology [34,35]. For example, in
response to crowded culture conditions, C. elegans secrete
pheromones that cause starved larval worms to arrest their
development and enter the dauer stage (an alternative devel-
opmental stage during which worms can endure harsh
conditions) [35]. We examined whether sensation of phero-
mones or other secreted molecules could be the factor that
transforms the progeny of the liquid-grown worms. To test
this, we conducted experiments with mutants defective
in pheromone production in general (daf-22) and dauer
pheromones sensation specifically (srg-36/37). We also exam-
ined mutants that are generally defective in chemosensation
(che-2).
DAF-22 is a fatty acid b-oxidase important for the
production of short-chain ascarosides [36] and dauer
pheromones [37]. SRG-36/37 are two redundant G-protein-
coupled receptors for the dauer pheromone ascaroside C3
[38]. Mutations in these genes that confer resistance to
dauer formation were identified in two independent long-
term liquid-grown strains (in worms that were grown in
liquid for many decades [38]). We found that liquid-grown
daf-22 and srg-36/37 mutants generate a functional inter-
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Figure 2. Progeny of liquid-grown worms are already longer early in development. (a) The length of eggs laid by liquid-grown worms and plate control worms.
Data from three independent biological repeats are presented (N . 30). ****p , 0.0001, two-way ANOVA (biological condition is significant: p , 0.0001, bio-
logical repeat and interaction effect factors are not significant: p ¼ 0.8642 and p ¼ 0.2045, respectively). Sidak’s multiple comparisons test p-values are presented.
(b) The length of progeny of liquid-grown worms and control worms is presented at different stages of the worms’ development. (c) The length of adult worm
progeny of liquid-grown and plate-grown controls, 72 h after being released from starvation-induced developmental arrest at the L1 stage. Data from three inde-
pendent biological repeats are presented (N . 100). ****p , 0.0001, **p ¼ 0.0066. Two-way ANOVA (biological condition is significant: p , 0.0001, biological
repeat and interaction effect factors are also significant: p ¼ 0.0093. These factors explain 0.81% of the variance, while the biological condition explains 7.96% of












































Figure 3. Progeny of liquid-grown worms are longer even in mutants defec-
tive in chemosensation and pheromone biosynthesis. The normalized lengths
of progeny of liquid-grown mutants defective in genes involved in dauer
pheromone synthesis (daf-22), pheromone sensation (srg-36/37), stress
response (daf-16) and chemosensation (che-2) are presented. N . 100 per
group. ****p , 0.0001, one-way ANOVA, Sidak’s multiple comparisons





plate-grown progeny of the liquid-grown mutants were
longer than controls (figure 3). Thus, pheromones are
probably not involved in this inter-generational effect.
In che-2 mutants the cilia of the sensory neurons are
severely defective [39]. Accordingly, these mutants show
defects in osmotic pressure avoidance [40], and are defective
in chemotaxis to NaCl [39,40] and to many odorants [41].
We found that the progeny of liquid-grown che-2 mutants
are also elongated, similarly to wild-type worms. Therefore,
sensation of secreted molecules does not appear to mediate
the inter-generational response that we describe here
(figure 3).
DAF-16 is a transcription factor playing a pivotal role in
the insulin/IGF-1 pathway, regulating stress responses, stress
survival, longevity, fat metabolism, immunity and dauer
formation [42]. DAF-16 was further implicated in inter-
generational responses to stress [16]. Surprisingly, plate-grown
progeny of liquid-grown daf-16 mutants were elongated,
similarly to wild-type worms (figure 3). This suggests that theDAF-16-dependent stress response is not involved in the
liquid-induced heritable effect.(d) Progeny of liquid-grown worms are longer even
in mutants defective in inheritance of small RNAs
and chromatin modifications
To examine whether the heritable changes in body length
depend on inheritance of small RNAs or histone modifications,
we examined mutants that are defective in production or inheri-
tance of small RNAs and histone modifications. The nuclear
argonautes HRDE-1 and NRDE-3 carry heritable small
RNAs, and are required for the inheritance of dsRNA-induced
silencing [43,44]. While NRDE-3 is expressed in somatic tissues
and is important for inter-generational inheritance of somatic
RNA interference [45], HRDE-1 is expressed in the germline
and is required for the trans-generational inheritance (lasting
multiple generations) of exogenous, dsRNA-derived small
interfering RNAs (siRNAs) and endogenous siRNAs that
target germline genes [43]. The amplified siRNAs that are
carried by the NRDE-3 and HRDE-1 argonautes are
produced by RNA-dependent RNA polymerases (RdRPs),
such as RRF-1. RRF-1 is involved in the inheritance of Piwi-
interacting RNA (piRNA)-triggered endogenous siRNAs and
viral-derived siRNAs [5,46]. We found that hrde-1, nrde-3
and rrf-1 mutants, as well as additional mutants defective
in siRNA biogenesis (rde-1, rde-4, rrf-3 and mut-16), are not
required for the inheritance of the elongated morphology
(figure 4). Previously, histone-H3-lysine-9 (H3K9) methylations
were implicated in trans-generational inheritance of small
RNAs [47–50]. H3K9 mono- and di-methylations are deposited
by the MET-2 methyltransferase [51], while H3K9me3 is depos-
ited by the SET-25 and SET-32 methyltransferases [51,52].
We found that met-2, set-25 and set-32 mutants also inherit the
elongated morphology from their liquid-grown parents
(figure 4). To conclude, the inter-generational inheritance of
this phenotype does not appear to depend on the canonical
































































Figure 4. Mutants defective in inheritance of small RNAs and histone methyl-
ations are also longer, if they derive from ancestors that were grown in liquid.
The normalized lengths of progeny of liquid-grown worms mutated in
genes involved in small RNA biogenesis and inheritance (hrde-1, nrde-3,
rrf-1, rrf-3, rde-1, rde-4 and mut-16 mutants) or chromatin methylation
(set-25, set-32 and met-2; set-25 mutants) are presented. N . 100 per
group. ****p , 0.0001, ***p ¼ 0.0001, **p ¼ 0.0084, one-way ANOVA,





(e) Unlike the inter-generational effects, trans-
generational inheritance of the morphological
changes exhibits variability
Previously, certain environmental stresses, such as L1 star-
vation [8], starvation during dauer arrest [11] and exposure
to high temperatures [12], were shown to induce trans-
generational effects that persist for more than two generations.
To test whether the elongated body morphology can be inher-
ited for more than one generation, we measured the body
length of plate-grown worms that derive from liquid-grown
parents in the F1, F2 and F3 generations. In contrast with the
inter-generational changes to the worms’ size which were
robustly inherited by the F1 generation, the trans-generational
effect in the F2 and F3 generations was variable. While in
some experiments we did observe trans-generational heritable
changes, in other cases the effect was gone after one to two
generations (figure 5).3. Discussion
In this manuscript, we show that growth in liquid medium
under laboratory conditions changes the morphology of
C. elegans worms and the morphology of their progeny. As
briefly described above, there are rare reports of isolation of
C. elegans from freshwater habitats [26]. There are also pheno-
types which are specific to worms that grow in liquid. For
example, infection of C. elegans in liquid by the pathogenic bac-
terium Leucobacter celer was found to induce aggregation of
worms (termed ‘worm stars’) [53]. Whether the morphological
changes that we describe are adaptive in natural circumstances
remains to be determined.
In addition to C. elegans, other nematodes are routinely cul-
tured in liquid cultures. Entomopathogenic nematodes such as
Steinernema [21,22] and Heterorhabditis [23,24] are grown in
liquid cultures as a means of mass production of a biocontrol
agent. However, liquid-grown entomopathogenic nematodes
were found to have lower dauer stage recovery rates and patho-
genicity [21,54,55], and much effort was invested in optimizing
the different aspects of their mass production in liquid cultures[22]. Recently, a different nematode model organism,
Pristionchus pacificus, was found to exhibit altered, narrow
and elongated morphology when grown in liquid cultures
[25]. Interestingly, the dimorphic mouth-form of P. pacificus
was found to respond to growth in liquid medium; however,
the response was not heritable [25]. Several other Pristionchus
species, but not all, also showed mouth-form alteration in
response to growth in liquid culture [25].
During the course of this study, we could not identify
mutants in which epigenetic pathways are affected that are
defective for the inter-generational inheritance of the elongated
morphology. It is possible that such mutants do exist, and
could be detected in more comprehensive screens. Alterna-
tively, the inter-generational effects that we examined could
transmit via many different molecular ‘agents’ that do not
necessarily affect epigenetics. Pheromone production and
sensation do not seem to be required for this effect, as mutants
in the relevant pathways also exhibited the heritable
liquid-induced effect. Changes in other molecules, such as
metabolites or hormones, which are not necessarily self-
propagating or ‘amplifiable’ (in contrast with heritable small
RNAs), could mediate such short-term inter-generational
inheritance as well.
Previously, environmental changes such as starvation and
temperature shifts, both common in the laboratory, were
shown to change the physiology of the C. elegans worms and
of their progeny. Together with growth in liquid, these manip-
ulations should be taken into consideration when designing
experiments with C. elegans. It is reasonable to assume that
many other subtle characters are affected in the progeny of
liquid-grown worms (for example, behaviour). To control for
such changes, the worms’ growth conditions should be
monitored for several generations before experimentation.
Inter-generational and trans-generational inheritance
present a unique challenge: to compare between different
experiments, the experimenter must keep track of the history
of the culture, to make sure different experiments begin from
the same starting point. There are currently no standard
protocols for achieving this goal. We do not know yet
how to ‘re-set’ epigenetic inheritance. Previously, we used
CRISPR/cas9 to deactivate HRDE-1, a factor that is impor-
tant for small RNA inheritance, consequently erasing small
RNA memory. This led to the re-setting of the accumulated
sterility of chromatin mutants (Mrt phenotype) [49]. Since
not all heritable effects are necessarily small-RNA-mediated,
other re-setting strategies should be devised in parallel.
The same principles that were discussed above with regard
to inter- and trans-generational epigenetic inheritance in
C. elegans could apply also to other organisms, and even to
experiments conducted with cell lines. Several years ago, a con-
troversy arose regarding the mislabelling of many cell lines
[56]. While this is certainly a serious problem, it is worth
noting that even when the correct cell line is used, cells in
culture acquire mutations [57] (and differ in ploidy), and more-
over, non-genetic inheritance could create variability between
cultures in different laboratories. Indeed, the ‘generation
time’ of the culture is a factor, as cells that have been passaged
many times can differ from recently thawed stocks [58,59].
RdRPs, which are crucial for small RNA inheritance in
C. elegans, are not known to be conserved in humans [4]; how-
ever, even if this mechanism is missing in other organisms,
epigenetic memories could be transmitted to daughter cells





















































Figure 5. The liquid-induced longer morphology is not always inherited trans-generationally (in some experiments the effects peter out after one generation). The
normalized lengths of progeny of liquid-grown worms and progeny of plate-grown controls in the F1, F2 and the F3 generations are presented. The measured length
is normalized to the corresponding control worms of the matching generation and biological repeat. Data from four independent biological repeats are presented
(N . 150 worms per group). ****p , 0.0001, ***p ¼ 0.0003 for F3 R#3 ***p ¼ 0.0010 for F2 R#4, **p ¼ 0.0015, n.s. not significant. One-way ANOVA, Sidak’s





human cells, genes known to be induced by interferon-g (IFN-g)
were found to exhibit a more robust induction in cells that
have previously experienced IFN-g [62,63]. Importantly, this
effect was maintained for four to seven cell divisions, and was
associated with H3K4 dimethylation [63]. Therefore, while the
causative agents are not always characterized, it is clear that
some information that is not encoded in the DNA sequence
can persist for long durations. This type of inheritance should
be taken into account in the experimental design.4. Methods
(a) Cultivation of worms
Standard culture techniques were used to maintain C. elegans on
nematode growth medium (NGM) plates seeded with OP50
Escherichia coli bacteria. Extreme care was taken to avoid contami-
nation or starvation, and contaminated plates were discarded
from the analysis. For inheritance experiments, worms were syn-
chronized either by a standard sodium hypochlorite bleaching
technique or by letting adult worms lay eggs on OP50-seeded
plates for 2 h.
(b) Growth in liquid medium
Worm eggs were seeded into flasks with 20 ml of M9 buffer
(including 1 mM MgSO4 [18]) supplemented with 200 ml
penicillin–streptomycin–nystatin (penicillin G sodium salt:
10 000 units ml21, streptomycin sulfate: 10 mg ml21, nystatin:
1250 units ml21) and 20 ml cholesterol (5 mg ml21) and were fed
with 200 ml of concentrated OP51 E. coli bacteria (the bacteria
were grown overnight in LB buffer þ 100 mg ml21 streptomycin,
pelleted and resuspended in 1 ml of M9 buffer). The flasks were
shaken (120 r.p.m.) at 208C.
(c) L1 arrest experiments
Adult worms were washed using M9 buffer [18]. After removal of
the buffer supernatant, an approximately 100 ml pellet of worms
was treated for 5 min with 1 ml of bleach solution (2 ml of 5%
sodium hypochlorite, 7.5 ml double distilled water, 0.5 ml NaOH
10 M). Next, 0.5 ml of M9 buffer was added and the solution was
centrifuged (8000 r.p.m., 1 min). The resulting egg pellet was
washed three times by removing the supernatant, adding fresh
M9 buffer and centrifugation of 8000 r.p.m. for 1 min to re-pelletthe eggs. Around 400 eggs were left to hatch and arrest in the
larval L1 stage on fresh plates for approximately 12 h. Next,
larval worms were transferred using M9 buffer to NGM plates
seeded with OP50 bacteria. Worms were photographed 72 h later.
(d) Strains used in this study
YY720: hrde-1(tm1200) III., YY158: nrde-3(gg66) X., RB798: rrf-1(ok589)
I., GW638: set-25(n5021) III.; met-2(n4256) III., VC967: set-32(ok1457)
I., MT17463: set-25(n5021) III., WM27: rde-1(ne219) V., WM49:
rde-4(ne301) III., YY13: rrf-3(mg373) II., GR1823: mut-16(mg461) I.,
CF1038: daf-16(mu86) I. CB1033: che-2(e1033) X., DR476: daf-
22(m130) II., EG6699: ttTi5605 II.; unc-119(ed3) III., CX13249: srg-37;
srg-37(kyIR88) X., CX13591: srg-36; srg-37(kyIR95) X.
(e) Worm length measurements
Worms were placed on empty NGM plates and photographed
using a ScopeTek DCM310 binocular camera. The worms’
length was measured using WormSizer [64].
( f ) Egg length measurements
Worms were allowed to lay eggs on an empty NGM plate, and
the laid eggs were photographed using a ScopeTek DCM310 bin-
ocular camera. Egg length was measured using the particle
analysis tool of the ImageJ software.
(g) Statistical analysis
Two-way ANOVA was used to compare the effect of two categ-
orical variables on the length of the worms’ progeny (this
statistical analysis is relevant to the experiments shown in
figures 1d and 2a,c and in electronic supplementary material,
figures S2B,C): (i) biological condition (growth in liquid or on
plates) and (ii) biological repeat (independent experiments
conducted on separate groups of animals, on different days).
One-way ANOVA was used to compare the effect of growth in
liquid medium on worm length between different genetic back-
grounds (figures 3 and 4), between different food regimes
(figure 1c; electronic supplementary material, figure S1) or
between conditions across generations (figure 5). In cases of mul-
tiple comparisons between genotypes conditions, Sidak’s
multiple comparison test was applied. Linear regression analysis
and a statistical method equivalent to analysis of covariance was
used to compare the growth rates of progeny of liquid-grown
royalsocietypublishing.org/jour
7worms and control worms throughout development (figure 2b;
electronic supplementary material, figure S3). Biological repeats
are defined as independent experiments conducted on separate
populations of animals, on different days. Statistical tests were
performed using GraphPad Prism software version 6.
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51. Towbin BDD, González-Aguilera C, Sack R, Gaidatzis
D, Kalck V, Meister P, Askjaer P, Gasser SMM. 2012
Step-wise methylation of histone H3K9 positions
heterochromatin at the nuclear periphery. Cell 150,
934 – 947. (doi:10.1016/j.cell.2012.06.051)
52. Spracklin G, Fields B, Wan G, Vijayendran D, Wallig
A, Shukla A, Kennedy S. 2017 Identification and
characterization of C. elegans RNAi inheritance
machinery. Genetics 206, 1 – 19. (doi:10.20944/
preprints201702.0096.v1)
53. Hodgkin J, Félix M-A, Clark LC, Stroud D, Gravato-
Nobre MJ. 2013 Two Leucobacter strains exert
complementary virulence on Caenorhabditis
including death by worm-star formation. Curr. Biol.
23, 2157 – 2161. (doi:10.1016/j.cub.2013.08.060)
54. Ehlers R-U, Lunau S, Krasomil-Osterfeld K, Osterfeld
KH. 1998 Liquid culture of the entomopathogenic
nematode-bacterium-complex Heterorhabditismegidis/Photorhabdus luminescens. BioControl 43,
77 – 86. (doi:10.1023/A:1009965922794)
55. Strauch O, Ehlers R-U. 1998 Food signal
production of Photorhabdus luminescens inducing
the recovery of entomopathogenic nematodes
Heterorhabditis spp. in liquid culture. Appl.
Microbiol. Biotechnol. 50, 369 – 374. (doi:10.1007/
s002530051306)
56. Capes-Davis A et al. 2010 Check your cultures! A list
of cross-contaminated or misidentified cell lines.
Int. J. Cancer 127, 1 – 8. (doi:10.1002/ijc.25242)
57. Ben-David U et al. 2018 Genetic and transcriptional
evolution alters cancer cell line drug response.
Nature 560, 325 – 330. (doi:10.1038/s41586-018-
0409-3)
58. Merrill GF. 1998 Cell synchronization. Methods Cell
Biol. 57, 229 – 249. (doi:10.1016/S0091-679X
(08)61582-4)
59. Niida H, Matsumoto T, Satoh H, Shiwa M, Tokutake
Y, Furuichi Y, Shinkai Y. 1998 Severe growth defect
in mouse cells lacking the telomerase RNA
component. Nat. Genet. 19, 203 – 206. (doi:10.
1038/580)
60. Campos EI, Stafford JM, Reinberg D. 2014
Epigenetic inheritance: histone bookmarks across
generations. Trends Cell Biol. 24, 664 – 674. (doi:10.
1016/j.tcb.2014.08.004)
61. Wang X et al. 2013 Tissue culture-induced genetic
and epigenetic alterations in rice pure-lines, F1
hybrids and polyploids. BMC Plant Biol. 13, 77.
(doi:10.1186/1471-2229-13-77)
62. Gialitakis M, Arampatzi P, Makatounakis T,
Papamatheakis J. 2010 Gamma interferon-
dependent transcriptional memory via relocalization
of a gene locus to PML nuclear bodies. Mol. Cell.
Biol. 30, 2046 – 2056. (doi:10.1128/MCB.00906-09)
63. Light WH, Freaney J, Sood V, Thompson A, D’Urso
A, Horvath CM, Brickner JH. 2013 A conserved role
for human Nup98 in altering chromatin structure
and promoting epigenetic transcriptional memory.
PLoS Biol. 11, e1001524. (doi:10.1371/journal.pbio.
1001524)
64. Moore BT, Jordan JM, Baugh LR. 2013 WormSizer:
high-throughput analysis of nematode size and
shape. PLoS ONE 8, e57142. (doi:10.1371/journal.
pone.0057142)
